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ABSTPACT 

The module introduces a very important electrical 
device, the transformer. The module is divided into six lessons: 
transformer construction, transformer theory and operation, turns and 
voltage ratios, power and current, transformer efficiency, and 
semiconductor rectifiers. Each lesson consists of an overview, a list 
of study resources, lesson narratives, programed instructional 
materials, and lesson summaries. (Author/BP) 
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OVERVIEW 
MODULE TEN 



TRANSFORMERS 



In this module you will be introduced 
device, the transformer. As you will 
the practical , economical appl ication 
nearly Imposs ible. 



to a very important electrical 
learn, without transformer action 
of electrical energy would be 



For you to more easily learn the above, this module has been divided 

into the following six lessons: 

Lesson I. Transformer Construction 

Lesson II. Transformer Theory and Operation 

Lesson III. Turns and Voltage Ratios 

Lesson IV. Power and Current 

Lesson V. Transformer Efficiency 

Lesson VI. Semiconductor Rectifiers 



TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I 
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OVERVIEW 
LESSON I 

Transformer Construction 

In this lesson you will study and learn about the following: 

-what a transformer is 
-function of transformeis 
-inside a transformer 
-the core 

-core construction 

-laminations 

-core shapes 

-coi 1 s or windings 

-schematic symbols for transformers 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST Of" STUDY RESOURCES 
ON THE NEXT PAGE. 



Study Resources 
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LIST OF STUDY RESOURCES 
LESSON I 

Transformer Construction 

To learn the materia- in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
fol lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS SS^iOOA-lb "Basic Electricity, Alternating Current." 
Fundamentals of Electronics . Bureau of Naval Personnel . 
Washington, D.C.: U.S. Government Printing Office, I965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON I 

Transformer Construction 

What a Transformer Is 

Look at your pov/er supply and find the largest wired component. 
You have just identified the transformer. Probably you have ob- 
served a similarity between the shape of the transformer and the 
iron-core inductor in your power supply. Both of these components 
ere capable of inducing a voltage. 

Most pov/er supplies have a transformer. From this statement, you 
can infer that most TV sets, radios, and almost all amplifying 
equipment contain transformers. 

Transformers are of many different sizes. There are small ones 
like the one in your power supply, but there are also giant trans- 
formers in substations of power companies. Whatever the size of 
a transformer, its purpose is the same. 

Function of Transformers 

A transformer is a device that transfers electrical energy from 
one circuit to another via electromagent ic induction. The energy 
is alv/ays transferred without a change in frequency but usually 
involves changes in voltage and current. Because transformers 
work on the principle of induction, they must have an AC source 
to supply a continuous output. 



What do you think v/ould happen if we put pure DC into a 
transformer? 



After current had reached the maximum steady value described by 
the basic Ohm's Law, there would be no change in current, the 
frequency v/ould be zero, and there would be no inductive reactance. 
The coil would act like a straight piece of wire; current could 
become too great and burn out the transformer. 

A transformer steps up or steps down AC voltjage. For example, 
the voltage entering the transformer on your power supply is greater 
than the voltage leaving the transformer. In this manner, your 
povyer supply can provide a lov/er voltage to the load than the v/all 
socket could. The transformer in your pov/er supply is a step-dov/n 
transformer . 
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I n5 i de a Transformer 

A transformer is a very efficient device because 't has no moving 
mechanici^l parts that might malfunction, and it requires very little 
maintenance. If you were to look inside a transformer, you would 
see at least two coils, maybe more, and a core. The coils and core 
are the only essential parts of a transformer. 



The Core 



Just as an inductor has ei 
transformer usually has ei 
iron core. A transformer 




ther an iron core or an air core, a 
ther an air core or some form of an 
is actually two or more inductors 
positioned so that the flu)^ 
lines of one cut the colls of 
the other. Generally, air-core 
transformers are used when the 
source has a frequency above 
20 KHz; however, special ferrite 
cores may be used at very high 
f requenc ies . 



COIL A COIL B 

Iron-core transformers are usually used when the source frequency 
is in the audio range (below 20 KHz). 



Your power supply operates on a frequency of 60 Hz. What 
kind of core does the transformer in your power supply hsve? 



Your power supply has an iron core to obtain high inductance at 
low frequencies. 



Core Construction 

Iron cores in transformers are not solid hunks of iron or steel. If 
they v/ere, the flux lines cutting them would Induce large currents 
In the core, and thus rob the circuit of power. 



Narrat i ve 
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Lam I na t ions 



To minimize this loss, cores are made of many thin slices of core 
material. Each slice is coated with insulating varnish which is 
a non-conductor. These slices of core are called laminations. 
After all the laminations are varnished, they are then bonded 
together to form core shapes. 



There are two main core shapes used in transformers. One 
we call the hollow-core type , because it has a hollow 
square in its center. The other is called either a shell ty 
or E and I type , because It looks like these two letters put 
together like this: | \ 



Core Shapes 



Hoi 1 ow Core 





LAMINATED CORE 



This illustration shows a hollow- 
core transformer. Notice that it 
is constructed of many laminated 
slices of Iron or steel. After 
the laminations have been bonded 
together, the coils are wrapped 
around both sides of the core as 
shown on the next page. 



SINGLE LAMINATION 
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We have learned previously that 
the closer the coils are without 
touching, the greater the magnetic 
coupling. It is apparent that 
quite a bit of space exists between 
the two coils in a hoi lowcore 
transformer. From this, we can 
assume that this type of trans- 
former will not have a maximum 
coefficient of coupling. 



Shell Type 



The i:nob! 
a shell 



commonly used and most efficient laminated core 
or E and I Type core . 



LAMINATED CORI 




Observe that this core 
the laminated pieces 
E 's and I 's 



is ca) led 
IS made of 
that resemble 



The laminations 

in the shell core are also varn- 
ished to provide insulation. For 
the shell core, the coils are all 
v;uund on the same center, and the 
legs of the E_ are set down through 
the coil ds shov/n below. 



E AND I LAMINATIONS 



E CORE 




This design provides d high 
coefficient of coupling. 
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Co! 1 s or Wind ings 

The v/ires or coils in a transformer are referred to as wind ings . 
Transformers have a primary winding and one or more secondary 
windings. Occasionally a transformer will have more than one 
pr imary . 

The primary winding connects to the source. 
.The secondary winding connects to the load or loads. 



Identify: 1. Secondary winding 




2. Primary winding 



You can see that coil A is connected to the source and 
therefore is the primary. Bi is connected to the load, so 
it is a secondary. 



How Coils Are Wound in Shell Type 

You recall that windings in the hollow core are placed side by 

... 

This is not the case v/ith windings in a transformer with 
the shell-type core. To achieve maximum coefficient of 
coupling and save space, in a shell-type core the secondary 
winding is wound on top of the primary winding as shown here. 




Primary 



Secondary 
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First, the primary v/inding is wrapped around a cardboard cylinder 
forming many turns of v/ire. These turns are placed close together. 
The wire is coated with insulating material to prevent short 
circuits betvveen wire:>. After the primary is completely wound, 
It !s covered with a ipecial insulating material usually 
paper or cloth. 

The secondary v/inding then is wound on top of the primary 
winding; however, the wires do not touch because they are 
separated by the insulating material. This material allows 
magnetic flux lines to pass from one winding to another,, 
so that magnetic induction can take place. Finally, the secondary 
v/inding is covered with an insulating material to prevent contact 
between the winding and the metal transformer case. 



Your pov/er supply transformer is constructed with an 
£ and \^ type core. Will the windings be: 

a. two coils separated by space. 

b. two coils, wound one on top of the other. 



Answer: b 



lAMINATED 
CORE 



LEADS 




INSULATION 



PRIMARY 

SECONDARY 



The core sections are then in- 
serted into the windings and the 
E and I are butted together. 



Le\ds^ 

Notice in the illustration that 

th?r.: are two leads for the primary 

and two leads for the secondary. 

These v/i 1 1 be connected to the 
source and load, respectively. 
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Schematic Symbols for Transformers 

A basic transformer symbol looks like two coils as shown. 



Bars between the coils indicate 
an iron core. If there are no 
bars, the symbol represents an 
air core. 




IE 1 L 

Iron Core Air Coro 



We mentioned that transformers frequently have more than one 
secondary winding. This is for the purpose of supplying 
multiple loads of different voltages. Sometimes a trans- 
former has more than one primary. 

Occasionally a winding has taps which allow delivery of 
different voltages from the same secondary. 



I ron Core 
1 Primary 
1 Secondary wi th 
a center tap 



1 




If there is 12v across the entire secondary, and we measure 
between the top lead and the center tap, what do you think 
vol tage is? 



An^^wer : 6 vol ts. 



Other schematic representations might be: 




Iron Core Air Core Air Core 

1 primary 1 Primary 2 Primaries 

1 Secondary 2 Secondaries 3 Secondaries 



ERIC 
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Transformer Construction 

THIS PROGRAM SEQUENCE HAS NO TEST FRAMES. 



Transformers come in many different sizes, ranging from 
smaller ones than the one in your power supply to the very large 
ones used by commercial power companies. Regardless of the size, 
the function is the same, to transfer electrical energy between 
two electrically isolated circuits. 

The function of the transformer in your power supply is to: 

a. develop electrical energy to light the lamp. 

b. change alternating current to direct current. 

c. transfer energy from the wall socket to the circuit 

containing the lamp. 



Icl Transfer energy from the wall socket to the circuit 
containing the lamp 



2. The purpose of a transformer is to transfer electrical energy 
from one circuit to another isolated circuit. 

Can you generate power with a transformer alone? 

^ . yes . 

b. no. 



no 
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3. The energy transfer is accomplished by mutual induction between two 
°' < MAGNETIC FIELD 




If a changing current flows through coil A, a changing magnetic field 
is produced. This varying flux field cuts coil B, inducing a voltage 
and causing a cur'-ent to flow through the load ( R_) . 

Since neither coil A nor coil B can be moved without both being 
moved, there is an induced voltage in coil B only as long as: 



a. the magnetic field is changing. 

b. a stable magnetic field exists. 



(a) the magnetic field is changing 



A. Recall that for a stationary coil to continuously induce a 

voltage (electromagnetic induction), there must be a continuously 
changing current. 

Would a coil be capable of continuously producing electromagnetic 
induction if placed in a DC circ»:it? 



a . yes 

b. no 



TbT 



no 
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5. Transformers and colls have some similarities In both construction 
and operation; both utilize the phenomenon of electromagnetic 

* induction, and therefore induced voltages are associated with 
transformers and coils. Their uses are different, however* 

Would a transformer function in a pure DC circuit? 

a. yes 

b . no 



(b) no 



6. Transformers are useful only In AC circuits because: 

(Check the statements that are true.) 

a. pure DC does not vary in value. 

b. DC voltages are too high, 

c. alternating current is constantly changing in direction 

and magnitude. 

d. electromagnetic induction depends on a changing magnetic 

field. 

.e. there is no magnetic field associated with direct current* 

f. a DC transformer is too large to be practical. 



(a. pure DC does not vary in value; c. alternating current is 
constantly changing in direction and magnitude; d. electromagnetic 
induction depends on a changing magnetic field,) 

7. A transformer is one of the most common electrical devices used. 
It consists mainly of wire wound into coils about some type 

of core. Since have no moving mechanical parts 

to malfunction, they are very efficient and require very little 
ma i ntenance . 



(transformers) 
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8. A simple transformer consists of two colls placed so that the 
flux lines from one cut the turns of the other as shown in the 
diagram. ^ ^ 



A 

■O- 



O 



B 



Coil A is known as the primary coi I , while coil B is called the 
secondary . 



The primary coil is connected to the 
is connected to the * 



whi le the secondary 



(source or in^ut; load [resistor] or output) 



9. Label the primary winding and the secondary winding in the 



transformer below. 








LOAD 







Primary 







LOAD 







Secondary 
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10. Transformers can be used to step-up or step-down voltage. This 
can be done by increasing or decreasing the number of turns in the 
secondary winding as compared with the number of turns in the 
pr imary wi nd ing . 



100 VAC 



3 



I 200VAC 



B 



100 VAC 



SOVAC 



Select the true statement. 



a . 
b. 
c . 
d. 



is a step-down transformer, is a step-up transformer. 
A is a step-up transformer, |^ is a step-down transformer. 
Both are step-up. 
Both are step-down. 



(b) A is a step-up transformer, B is a step-down transformer 



11. Label the step-up transformer and the step-down transformer 
shovyn . 




IN 



o 

o 

t OUT 



a. 



2 

IN 3 



OUT 
b. 




c. 



(a) step-up; b. neither, one-to-one; c. step-down) 



12. Note : You can often tell if a transformer is a step-up or 

by looking at a drawing. Due to the space limitations on most 
schematics, the actual turns ratio is seldom drawn, but may be 
indicated numerically. 



(step-down) 
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13. The transformer in the power supply you built is: 

a . step-up. 

b. step-down. 

c. neither. 



(b) step- down 

14. Note that the terms step-up and step-dov/ n refer to 
not to power. 



(vol tage) 

15. The law of conservation of energy tells us that energy is 
neither created nor destroyed, but that it can be changed in 
forms. You cannot expect to get something for nothing. This is 
a 1 so true in transformers. If the secondary vol tage is higher 
than the primary voltage, secondary current will be smaller than 
primary current in the same proportion. Output power can never 
be larger than input power, but may be somewhat less because of 
losses in the transformer itself. For the circuit shown, 

secondary current equals , assuming there are no 

losses in this transformer. 
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16. Each transformer characteristic listed below applies to either a 
step-up or a step-down transformer. Underline your choice at the 
end of each statement. 

a. higher primary current than secondary (step-up/step-down) 

b. higher primary voltage than secondary (step-up/step-down) 

c. lower secondary current than primary (step-up/step-down) 

d. higher secondary voltage than primary (step-up/step-down) 

e. lower primary current than secondary (step-up/step-down) 



(a. step-up; b. step-down; c. step-up; d. step-up; e. step-down ) 

17. Energy transfer from primary to secondary is accomplished by 
mutual induction between two or more coils and usua 1 ly resu 1 ts 
in changes in voltage and current but never in frequency. 

If the input signal to a step-up transformer is AOO Hz, the output 
would be: 

a. 200 Hz. 

b. kOO Hz. 

c. greater than ^00 Hz. 

d. (insufficient information) 



(b) ^00 Hz 

18. Check the statements about transformer operations that are true. 

a. usually involves change in voltage and current 

b. uses a pure DC source 

c. involves changes in voltage and frequency 

d. capable of stepping voltage up or down 

e. transfers electrical energy from one circuit to another 



(a. usually invt^lves change in voltage and current; d. capable of 
stepping voltage up or down; e. transfers electrical energy from 
one circuit to another) 
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19. Air care trctnsformers are usually used at high frequencies 
(above 20 KHz). Due to the high rate of change of current 
at these frequencies, an iron core is not needed to increase 
the inductance of the coils. At low frequencies, an iron 
core is used to concentrate the flux lines and increase 
mutual inductance. 

Your power supply operates at -jn input frequency of 6O Hz. 
What kind of core does the transformer have? 

i ron 

a i r 



( ! ron) 



20. A transformer is basically two or more coils wound around some 
type of core. As with inductors, the cores are usually either 
i ron or air. 

An air-core transformer is used at frequencies. 

high/ low 



(high;" usually 20 KHz and above) 
21. An air-core transformer is represented schematically tike this: 




Draw the schematic for an air-core step-up transformer. 
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22. As stated, transformers work on the principle of mutual induction. 
This, you remember, occurs when a changing current flow in one coil 
causes a changing magnet'j field which cuts a second coll and 
induces a voltage in the second coil. This action is also known 
as transformer act i on . 

Nothing is perfect. As shown in the illustration below, all the 
lines of flux from the primary are not cutting the secondary. 




This means that the energy in the secondary is less than what it 
could have been. There is a magnetic flux leakage when all the 
lines of flux produced in the primary do not cut the secondary. 
For that reason, most transformers are constructed with special 
ferromagnetic (material that can be easily magnetized) cores of 
high permeability (iron), so that all the lines of flux pass 
through the core and cut the secondary. In summarizing, most 
transformers are constructed with ferromagnetic cores of high per- 
meability so that almost all the lines of flux pass through the core 
and cut the secondary. 

An iron core serves to flux density. 

increase/decrease 



( i ncreaseT 
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23. Iron-core transformers are represented schematically as shown; 



Draw the schematic symbol for a step-down iron-core transformer. 
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2^. There are two types of iron cores in common usage. The hollow 
box-like core looks like this: 




Varni shed 
Lami nat ions 



The coils, which are called windings, are wrapped on either 
side of the core as shown. 




The effect of the core would be to 

inductance as compared to air-core transformers. 



mutual 



( increase) 
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25. A more popular type of iron core is called the shel 1 , or £ and type. 




The windings are constructed separately by winding the wires on a 
cardboard form with the secondary wound on top of the primary and 
with insulating paper separating the two coils. 

The center section of the is then inserted through the center of 
the assembl ed coi 1 s . 

E CORE 



CARD BOARD 
FORM - 




This arrangement gives maximum coefficient of coupling because the 
coils are wound one on top of the other, and the core surrounds the 
wi nd i ngs . 

This shell-type core provides maximum common flux density. 



(Go to next fram"eT 
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26. The most efficient core is one that offers the best path 

for the most lines of flux with the least amount of magnetic 
and electrical energy loss. 



Which of the two diagrams below illustrates the more efficient 
type of cort construction? 




.a. HOLLOW CORE 




SHELL TYPE 



(b) Shell Type 

27. Check the statements about an E and I core that are true, 

a. winding is separated f rom S^ wi nd i ng by insulating 

material . 

b. £ winding is separated from S^ winding by air space. 

c. Coils are wound side by side. 

d. Coefficient of coupling is greater than in a hollow core. 



(a. P winding is separated from S_ winding by insulating material; 
d. Coefficient of coupling is greater than in a hollow core.) 
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28. A transformer often. has nore than one secondary winding. 

This enables one transfoi-mer to supply several different values 
of voltage from one source. 




II5V 
INPUT 



OUTPUT 



TRANSFORMER 



PRIMARY 



SECONDARY 




This single transformer takes the place of how many 
transformers? 



a . 
b. 
c . 



3 



(b) 3 

NOTE: In some cases a transformer may have more than one primary winding. 
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29. To further utilize transformers, a device known as 

a center tap is used. This allows us to tap off half of the 
voltage available from each secondary winding. 



In the figure shown, there are three center taps. A, B, C. 

01 — _ — 



115V 

o- 



•A 300V 



-02 
-03 



-•B 12.6V 



-04 
-05 



-•C 6.3V 



-06 



wW 

How much voltage could be measured between point A and output 
No. 2? 



(150 v) 
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30. Draw the correct schematic symbol below each of these descriptions 



a. 1 primary 

3 secondar ies 
iron core 



b. 1 primary 
1 secondary 
with center tap 
i ron core 



c. 1 primary 

2 secondaries 
air core 



c. 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY, 
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Transformer Construction 



A transformer is an electrical device which consists of a primary and 
a secondary v/inding linked by a mutual magnetic field. The voltage 
that is impressed across the pr imary wi nd ing is usually supplied by 
an external source of EMF: the voltage appearing across the secondary 
winding is induced by the magnetic flux of the primary coiK 

Transformers come in many sizes, ranging from some about the size 
of a peanut to the very large ones that are used by commercial 
power companies. Transformers may be used at power-line frequencies 
(60 Hz, ^OOHz, etc.), audio frequencies (20 to 20,000 Hz), ultrasonic 
frequencies (20,000 to 100,000 Hz), and radio frequencies (over 30 KHz). 
The design and construction of transformers varies greatly with the 
application and electrical frequency to be employed. For example, 
pov/er transformers (as in your power supply) and audio transformers 
(as in your hi-fi set) are nornally built on a core of laminations 
(or flat pieces stacked together) of silicon steel. At these re- 
latively low frequencies, a very good magnetic interaction between 
the primary and secondary windings can be produced only by careful 
design and the utilization of high-quality transformer iron. 

There are two main core shapes used in iron-core transformers. One 
is known as the hollow core and is shaped like this: 



The primary and secondary windings are wound on either side of the 
core. 

The other core shape is the shell or E and 1 type* Its shape is as 
shov/n on the next page. 
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E CORE 



CARD BOARD 
FORM 




WINDING 



INSULATING 
PAPER 



I CORE 



At the higher frequencies, it is possible to design a transformer 
in the form of two coils wound end to end on an air core and supported 
by cardboard. Other transformers are wound on a solid ferromagnetic 
material for use at higher frequencies. 

A simple transformer application is shown schematically below: 




Winding A 




Winding B 



Note: If the vertical lines are not shown between the windings, the 
symbol represents an air-core transformer. 



If secondary winding has more coil turns than primary winding A, 
the voltage across load R is higher than E (primary voltage). This 
type of transformer Is called a step-up transformer, since it acts to 
increase the voltage to the load in the secondary circuit. If 
winding had fewer turns than winding A, we would have a step-down 
transformer. The ioad voltage would be smaller than E , 
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Transformers are normally used on AC, since a chang i ng primary 
current is needed for operation. The requirement of a periodically 
changing primary coil flux must always be met for a continuous output 
of secondary voltage. You should also be aware that unless the rate 
of change of flux matches the transformer's design specifications , the 
transformer is likely to overheat and burn out. A transformer operated 
at frequencies above its design range will only be less efficient, but 
if operated below the proper frequency, current will be too high and 
overheat i ng resu 1 ts . 

While the secondary coil may produce a higher voltage than E , the law 
of conservation of energy tells us that the total power in tHe secondary 
circuit (neglecting transformer losses) must always equal the E I product 
(power) at the primary coil. This means that if secondary voltigi is 
higher than primary voltage, secondary current must be lower than primary 
current . 

A transformer may often have more than one secondary winding. This 
enables one transformer to supply several different values of AC voltage 
from one input source. In the transformer shown below, there are both 
step-up and step-down circuits, all in one unit. 



INPUT 

nsv 



PRIMARY 



300V 



75V 



-« 12.6V 



6.3V 
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The 12.6-volt secondary coil has a center tap connection. Think 
about some of the possible uses of this configuration. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD 
OF INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON II 

Transformer Theory and Operation 

In this lesson you will study and learn about the following: 

-no-load conditions 

-exciting current in the primary 

-producing a CEMF 

-inducing a voltage in the secondary 
-polarity or sense 
-load conditions 



BEFORE YOU 3TART THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I I 

Transformer Theory and Operation 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
fol 1 owl ng : 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93AOOA-lb "Basic Electricity, Alternating Current." 
Fundamentals of Electronics . Bureau of Naval Personnel . 
Washington, D.C.: U.S; Government Printing Office, 1965. 

AUDIO-VISUAL: 

Sound/Sl ide Presentation - "Function of the Transformer." 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON II 

Transformer Theory and Operation 

No^ Load Condition 

We said that a transformer is capable of supplying load voltages 
which are usually higher or lower than the source voltage. We also 
knov/ that this is accomplished through .liutual induction which takes 
place when the magnetic fields of the primary winding cut the coils 
of the secondary. Let's look at what happens in the transformer 
under no-load conditions. 

A no-load condition exists when there is a voltage applied to the 
primary, but there is no load connected to the secondary. 



115V 




Exciting Current in the Primary 

Under no-load conditions, when voltage is applied to the primary, 
there is a very small amount of current in the primary. This cur- 
rent is called exciting current. Essentially, what the exciting 
current does is excite the coil to create a magnetic field. 
The amount of exciting current is determined by three factors: 
( 1 ) the amount of E , (2) the R^ of the primary coi P s wi re and core 
losses, and (3) the X. which is dependent on the frequency of the 
exciting current. 

This very sfnal] amount of exciting current serves two functions. 

1. Most of the exciting current is used to support the magnetic 
field of the coi 1 . 

2. A small amount of current is utiiizeJ to overcome the resist- 
ance of the wire and core, and this is dissipated in the form 
of heat (power 1 oss ) . 

Producing a CEMF 

As alternating current is passed through the primary coil, a mag- 
netic field is established around the coil. As the lines of flux 
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c 



expand outward, relative mo- 
tion is present, and a CEMF 
i s induced in the coi 1 • 
Observe that by the left- 
hand rule for coils, we can 
determine the N[ and poles 
of the coil. Flux Is leaving 
the coil at the N[ pole, circling 
the coil, and entering the core 
at the 5 pole. 



Polarity of CEMF 

If we analyze the left'half of the coil, we see that flux 
outside the coil is pointing downward, flux motion is toward 
the left as the flux expands, and the EMF is induced with a 
polarity which opposes the applied voltage, thus opposing 
current flow. 



E and CEMF are how many degrees out of 
p^ase? 



The CEMF opposes the applied voltage at an angle of 180°; therefore, 
CEMF is in direct opposition to E^, On one half cycle the polarities 
wi 1 1 look 1 ike this : 



N 

b 

CEMF 



Then on the next half cycle, 
polarity oi Llie applied voltage 
reverses . Current f lowi ng 
through the coil in the opposite 
direction reverses the N and S_ 
. poles of the coil and reverses 

S the polarity of the induced 

vol tage, 

^ Thus in either half cycle E 

) and CEMF are in direct opposition 

^ )^ CIMF to each other, 

N ^ As long as we have an AC voltage 

applied to the primary coil, the 
primary is constantly inducing a 
counter EMF, 



ERIC 



39 



"^"^""^ BEST COPY AVkMBLE 

Inducing a Voltage in the Secondary 

When two coils in electrically 
isolated circuits are positioned 
so that flux lines of one cut 
the coil of the second, we know 
that mutual induction takes 
place. A voltage is induced in 
• the secondary . 




Direction of Induced Voltage in the Secondary 



60-^ TURN PRIMARY 



1 



\ N > 



/20y ; 
eOcps \ 



+ 




ONE-TURN SECONDARY^ 




S 



SECONDARY^ 
TURN 



This illustrates a primary and a 
secondary coi 1 with the secondary 
wrapped around on top of the primary* 
In this example, the secondary coil 
har only one turn. Notice it is 
wound in the same direction or 
sense as the primary. 



If we could open up the secondary 
coil, we could see in which direction 
the voltage would be induced. If 
we examine the left side of the dia- 
gram, observe current flows into the 
top lead of the primary. Lines of 
force are generated which produce 
a N[ pole at the top of the coil. 
During the time that primary rurrent 
is increasing, the flux lines ex- 
pand outward { rom the primary and 
cut the secondary conductor. Thus, 
the secondary conductor appears to be 
moving inward, or in this direction ->^. 



Using the left-hand rule, then, a 
voltage is being induced in the 
secondary in the direction shown. 



The EMF appears to be coming out 

of the paper on the left side of the 

CO i 1 , 
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Direction of Current in Primary 




I20v I 
60cp$ \ 



Direction of Current in Secondary 
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If you were viewing the coil 
from above, the voltage 
induced in the secondary tends 
to force current through the 
winding in a counterclockwise 
direction, while the EMF ap- 
plied to the primary forces 
current through the primary in 
a clockwise direction. There- 
fore, the voltage induced into 
the secondary is identical to 
the counter EMF induced Into 
an adjacent primary turn. 



Polarity or Sense 

The polarity of the secondary voltage depends on: ^ 

1. the direction of the windings. 

2. the arrangement of the connections to the external circuit. 




In figure A, both the primary 
and secondary are wound in the 
same direction. The sense 
dots (•) on the schematic indi- 
cate the ends of the windings 
which have the same polarity at 
the same instant. 



B 





11 



If you move the negative 
lead from its position In figure 
B so that it is below the posi- 
tive lead as shown In figure C, 
the location of the sense dot on 
the schematic of the secondary 
does not change; however, polar- 
ity to the load reverses. 
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The other way to change the polar-* 
ity of the secondary is to 
wind the secondary in the opposite 
direction in which the primary is 
wound; this also results in 
reverse phasing as shown in figure 



If the secondary winding is wound in the same d i rect ion as the pri- 
mary, the sine wave going into the primary is identical in polarity, 
or sense, to the sine wave coming out of the secondary. 





or 






input 



output 



input 



output 



However, if the secondary winding is wound in the oppos i te d i rect ion 
of the primary, the sense is reversed. 



In this example, the sine waves 
look 1 ike this : 





input output 

The phase has been reversed. 

Note that because AC is constantly changing polarity. Instead of labeling 
colls wit*h (-) or (+) we use sense dots to indicate Identical phase. 
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Load Conditions 



10V 




Under no-load conditions, you 
know that we have induced a 
voltage in the secondary winding 
which has caused a displacement 
of electrons. However, because 
there is no complete path, 
there is no current flow. 



If we close SWl in the above schematic, the load draws current 
from the secondary. When a secondary is supplying current to a 
load, the transformer is operating under load conditions. 

When a transformer is operating under load conditions, current flows 
through the secondary^ and produces a magnetic flux field around the 



PRIMARY 
FLUX 




SECONDARY 
FL fX 



secondary winding. Now the flux 
field of the secondary interacts 
with the flux field of the pri- 
mary. From Lenz's Law we know 
that the flux field of the second- 
ary is in direct opposition to 
the flux field of the primary. 
Thus, the secondary flux cancels 
out some of the primary flux. 



As a result of a reduction of the primary flux field, the CEMF In 
the primary decreases. As CEMF decreases, current in the primary 
increases. As current Increases, it re-establishes the lines of 
flux around the primary that were cancelled out. 

Any time you go from a no-load to a load condition, for a brief 
time flux lines interact and cancel each other: CEMF In the primary 
decreases, current rises in the primary and re-establishes the flux 
lines. With normal loads applied to the secondary, total flux does 
not vary more than 2 or 3 percent. 
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AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON II 

Transformer Theory and Operation 
THIS ir'OGRAMMED SEQUENCE HAS NO TEST FRAMES. 



1. Recall ihal a transformer operates by mutual induction betv/een tv/o 
or more coils; as long as there is a changing voltage applied to 
the primary, there is a voltage induced in the secondary. 



In the schematic shown: 




a. Will there be an induced voltage? 

b. Will there be secondary current? 



(a. yes; b. no) _^_=^_^^____^___==^,^=^,=.^__.__^_«- 

2. A no-load condition exists when there is no load attached to the 
secondary (an open secondary circuit). This results in a nearly 
pure inductive load on the source. 

The factors which determine no-load primary current are: 



a . 


secondary vol tage . 


b. 


resistance of attached loads. 


c . 


resistance of primary windings. 


d. 


primary vol tage. 


e . 


CEMF of secondary. 


f . 


inductive reactance of primary. 


g. 


frequency. 


h. 


resistance of secondary winding. 



Tc"! resistance of primary winding; d . pr imary vol tane ; i nduct i 

reactance of primary; g. frequency) 
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3. The small amount of current that flows in the primary In a no-load 
condition is called exciting current. 

What is the exciting current in this circuit? (Since X. is much 
larger than R; neglect R.) 



1.0 vjy 

i mh 



Eal20V 
f 60 Hx 

R 1.0 ' 
I 265 



Es 240V 

R IS "^1 
I 300mh 



R|^65^2 



(= 1.2a) 



4. Excit'ng current, like current in any inductive circuit, is vic- 
tual ly composed of two parts, 1^^ which overcomes the power loss 
due to the resistance of the winding, and I which supports the 
magnetic field around the coil. 



Label the vector diagram. 





EXCITING 
CURRENT 



5. Exciting current flows in the primary in a no-load condition; it 
supports the magnetic field around the coil and a small part of 

It overcomes the resistance of the and supplies the 

power for losses due to this resistance. 



TwTndT 



ng or co 



ill 
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6. Exciting current: 



a. supplies j_ to the load. 

b. supports magnetic field of primary coil. 

c . is found in the secondary . 

d. is all dissipated as heat. 

e. overcomes the R of the winding. 



(b. supports magnetic field of primary coi 1 ; e. overcomes the 
of the wi nd ing) 



7. Taking one winding at a time, the study of the operation of a 

transformer should be nothing more than a review. Recall that as 
the magnetic field around a coil expands, a CEMF is induced which 
opposes the applied voltage. 

Label the instantaneous polarities of CEMF at points A and B. 



A. 
B. 



AT TIMEf 




(A. -; B. +T 



8. CEMF and applied voltage are 



out of phase. 



VWT 
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9. As lung a^i we have an AC voltage applied to the primary coil, 
the primary is constantly induci^.g a counter EMF. 

Time-graph and label the pha^e relationship between E and CEMF. 



10. When two coils are position-^d so thc!t the rlux of -j-a: c^.: 

the turns or' :he other, they are said to be 'na.- ; "vely I : n.^ej 
and a voltage is induced in the second coil. 

In which of" the examples shown would the l.KCiest voUage oc induced 
in the secondary? 



a 







rcT 



P.I 



Ten- I I 



M. In the majority of transformers, the secondary is wounH directly 
on top of the primary. 

Why Is this done? 



(Increase coefficient of coupling, or magnetic coupling between 
the primary and secondary coils.) (or words to this effect.) 



2. As shown in the figure below, the 
the same iron cylinder. 



can be wound on 



(coi 1 s) 



13. As the magnetic field ej^pands outward, an EMF is induced in the 

secondary. The polarity of the induced voltage can be determined 

by applying the '.eft-hand rule for generators as shown in the 
i 1 lustration. 



Label polarities at points A and 

^ MOTIDH 




SECONDARY- 
TURN 



(A. -; B. +)■ 
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1^. Assuming that primary current is increasing, label the secondary 
polarities at points A and B* .-•"^'^ 




(A. B. -hf 



15. The polarity of the secondary winding as compared to primary is 
indicated by sense dots. The dots indicate points which are of 
like polarity at any instant. 

INPUT — r 't-^ 

SIGNAL I 

0 




Indicate points of like polarity c? the examples below. 




ug 
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6. There are tvyo factors which determine the polarity of secondary 
voltage. The first is the direction of winding. If both the pri 
mary and secondary windings are wound in the same direction, the 
polarities (sense) of both are the same. The second is the 
arrangements of the connections to the external circuit. 



Using sense dots, indicate on the schematics points of like po- 
larity for each example. 





B 




17. Recall that a power transformer is usually used to step voltage 
up or down. As the magnetic field around the primary expands 
outward, a counter EMF is induced in the primary; this same mag- 
netic field also cuts the turns of the secondary Inducing 3 
vol tage there. 

Is there any secondary voltage when the magnetic field re- 
verses direction and collapses inward? 



(yes) 
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3. The voltage induced in each turn of the secondary is equal in 
^■Tgnilude to the counter EMF In each turn of the primary. 

If there are more turns in the primary than in the secondary it 

is a transformer. 

step- up/ step -down 



(step-downT 



19. Match. 



1. 100 volt output and 50 volt input • 

2. E of 117 volts; E of 2k volts 

3. primary with 60 turns and secondary 
wi th ^40 turns 

transformer in your power supply 



a. step-up 

b. step-down 



(1 . a; 2. b; 3- b; k. b) 



20. In the figure below, if switch 1 is closed, there is a 
current flow in the secondary. 

T] ^ 




> there any magnetic field associated with this current flow? 



a. yes 

b. no 

c . i nsuf f i c i ent i nf ormat i on 
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Wn^jn d transformer i operating under load conditions, the current 

f iiw In the seconddrv produces a magnetic field which opposes 

'.ae magnetic field ut the primary. 

indicdLe the polarity of the secondary flux field. (Keep in mind 
i-ie rules concerning li:;es of flux.) 

PRIMARY 
FLUX 




SECONDARY 
FLUX 



PRIMARY 
FLUX 



Primary 
North 

N 



Secondary 
South 




Primary Secondary SECONDARY 
South North FLUX 
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22. T"he opposing magnetic fields cause a Jecrease in the original 

primary flux field. This causes secondary voltage to momentarily 

a . i ncrease . 

b. decrease. 

c . no effect . 



decrease 



23. The magnetic field produced by the secondary current opposes and 
consequently reduces the effect of the flux field of the primary. 
This in turn reduces the counter EMF of the primary coil. 

The EMF of the primary, together with the CEMF effects, tends to 

make the primary current . 

i ncrease/decrease 



( i ncrease) 



24. The increased primary current re-establishes the primary^ 
original magnetic field. 



What effect does this have on secondary voltage? 

a. increase to original value 

b. decrease further 

c. no effect 



(a) increase to original value" 



p. I. 
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25. Although the magnetic field of the primary momentarily fluc- 
tuates to a considerable extent as loads are added to the second 
ary, the overall effect does not result in a variation of more 
than 2 or 3 percent from the original flux field. 

This results in: 

a. unstable secondary output. 

b. stable secondary output, 

c. li.nited applications for transformers. 



(b) stable secondary output 

26. To summarize, any time you go from a condition to a 

load condition, or add another load, the induced magnetic field of 
the secondary opposes^ the existing primary field. This has the 
effect of decreasing CEMF (opposition) in the primary coil, allowing 
primary current to increase, re-establishing the original magnetic 
field strength, and restoring the secondary output voltage to its 
or ig i nal va 1 ue. 



(no- loadT 



27. Transformers are se 1 f- regu lat i ng devices. As additional loads 

are added to the secondary, l^.ere is an increase In primary current 
due to the interaction of the magnetic fields. This Increase 
in primary current supplies the power to operate the additional 
loads. 

How does a transformer compensate for increases In secondary 
power dissipation. 

a. increase In secondary resistance. 

b. increase in source voltage 

c. decrease in secondary resistance 

d. decrease in primary opposition 



(d) decrease in primary opposition 



ERLC 



55 



Ten- 1 I 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY 
METHOD OF INSTRUCTION YOU WITH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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SUMMARY 
LESSON I I 



Transformer Theory and Operation 

When ..e studied inductors, we sov/ that the CEMF produced opposed, or 
was I80^ out of phase with, the applied voltage, E . If a transformer 
operates in a no- load cond i t ion , as in the figure, there is no current 
f lov; in the load and the si tuat ion in the primary resembles thdt di s-* 
cussed for an iron-core inductor. 




A small amount of current, called the exciting current , flows in the pri- 
mary. (This current excites the coil to produce the magnetic field in 
the core:) The amount of exciting current is determined by three 

(1) E^, (2) the R value of the primary coil and core losses, 



core: 
factors : 



a 

va 



and (3) the X. valua which is dependent on the frequency of the ex- 



citing current. 



We know that a voltage is i nduced in the secondary coil 
the switch open, no current flows through the load. In 



hu '/ever , wi t h 
this lb.;' on we 



wish to investigate the polarity of the voltage induced in the secondary, 
v/ith respect to the polarity of the applied voltage. Using the left- 
hand rule for generators, we find that the relative polarity of tlie 
secondary voltage depends on: 



2. 



the direction of the windings. 

Lhe arrangement of the connections to the external ci rcu i t . 



c 



In the above arrangement on an iron cylindrical core (for simplification), 
we see the primary and secondary coils are both wound in the same direc- 
tion. The sense dots in the schematic indicate the ends of the windings 
which have the same polarity at the same instant of time. Note that we 

can change the polarity to ^ (with respect to E ) by reversing the 

a 



o 
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secondary lead connections: 




Here, the sense dot on the schematic does not change, since we have not 
changed the direction of the transformer coil windings. 

However, instead of reversing the leads to change polarity, we could 
have substituted a transformer whose secondary coil was wound in the 
opposi^.e direction to the primary. Here we have: 



OR 



Let us examine the waveforms of the two cases 



Wind ing 



I npu t 



Output 





^17 




The above analyses are for steady state conditions. As we go from a 
no-load to a load condition (when the switch in the secondary circuit 
closes) for a brief current build-up time, flux lines interact and, by 
Lenz's Law, tend to cancel each other. The CEMF in the primary decreases, 
current rises in the primary, and the more fully developed magnetic field 
is re-established. With normal loads applied to the secondary, total flux 
does not vary more than 2 or 3 percent. 
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YOU MAY NOW TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE 
LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOrH. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, 
GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF INSTRUCT 1 0^^ 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON III 

Turns and Voltage Ratios 

In this lesson, you will study and learn about the following: 

-determining the amount of induced 
vol tage 

-the voltage induced in the secondary 
coil 

-flux leakage 

-amount of induced voltage in the 

secondary 

-turns ratio 

-vol tage ratio 

-using the turns ratio 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON III 

Turns and Voltage Ratios 

To learn the material in this lesson, you have the option of choosii 
according to your experience and preferences, any or all of the 
fol 1 owi ng : 

STUDY BOOKLET: 

Lesson Nar rat i ve 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS 93^00a-2 (Chapter 15) "Basic Electricity, Power Supply 
and Amplifiers." Fundamentals of Electronics . Bureau of 
Naval Personnel. Washington, D.C.: U.S. Government Print- 
ing Office, 1965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARKATI VE 
LESSON III 

Turns and Voltage Ratios 

'Det:ern!rMng the Amount of Induced Voltage 

Wi'ien we Induce a voltage in the primary winding, the CEMF is 
just about equal to the applied voltage. Thus, if the applied 
voltage is 60 v, for all practical pruposes, the CEMF is also 
60 V. 




If we have a coil which has 
60 turns that means that the 
wire is wound into 60 loops. 
These turns can be counted. 



If we know the applied voltage 
is 60 V, then we can assume 
that the CEMF In the primary 
will be 60 V. If the primary 
has 60 turns, then each turn 
must be producing 1 v of CEMF. 



By dividing the E by the number of turns, we can determine how 
many volts of CEMf are induced in each turn. 

IF the E is 120 v, and the primary coil has 60 T (turns), 
hov/ many volts are being induced in each turn? 



IF E is 120 V, then CEMF must be be 120 v. By dividing the amount 
of cfMF by the number of turns (60 T) , we find that 2 v are induced 
in each turn. 



The Voltage Induced in the Secondary Coil 

The Factors v/hich determine the coefficient of coupling are 
major factors in determining how much voltage is induced in the 



6U 
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't>econdary. Ideally, we would want all the flux lines of the primary 
to cut all the turns of the secondary. This would give us unity 
coefficient of coupling. 

Flux Leakage 

Realistically, not all the flux lines of the primary can cut 
all the turns of the secondary; so a small loss occurs. This 
loss is called flux leakage , and refers to the flux lines of 
the primary which do not cut secondary coils. 

To minimize flux leakage, a good transformer uses a high- 
permeability core, and places the windings close together. 
In this course, v/e will normally consider transformers to be 
perfect . 



Amount of Induced Voltage in Secondary 

The amount of voltage induced in each secondary turn is 
equal to the amount of CEMF induced in each primary turn 

when the coefficient of 
coupl ing i s 1 . I n this 
illustration, the primary 
has 60 T, and the CEMF is 
60 V, so 1 V i s being in- 
duced in each lurn of the 
winding. 

Observe that the secondary 
winding has only one turn. 
Therefore, the voltage in- 
duced in the secondary i s 
only 1 V. 



If the secondary had two turns, 2 v would be induced in 
the secondary (1 v in each turn). 

The amount of voltage induced in the secondary is determined by 
the applied voltage, the coefficient of coupling, and the number 
of turns in both the primary ari^ the secondary. 
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If a 10 T primary has an applied voltage of 10 v what 
Is the Induced voltage In a secondary winding with 
2 T? 



Primary = 10 T 

lOv 




Secondary - 2 T 



If the E Is 10 V, CEMF In the primary Is 10 v. With a 10 T 
primary, each turn has 1 v of CEMF induced. Therefore, in a 
2 T secondary, we have an Induced voltage of 2 v (l v per turn). 



Step-Up and Step-Down Transformers 

When a transformer has a secondary winding which has fewer turns 
than the primary, the output, or Induced voltage to the load. Is 
less than the applied voltage. When the output voltage is less 
than the Input, the transformer Is a step-down transformer; It 
steps down the voltage. 

On the other hand. If there are more turns on the secondary 
than there are on the primary, the transformer has a greater 
secondary voltage than the applied voltage. When the output 
is greater than the Input, the transformer Is a step-up 
transformer. Power companies use step-up transformers to 
increare voltages to very high values for efficient transmission 
over long distances. A step-down transformer at a sub-station 
or on a power pole near your home takes this high voltage and 
steps It down to the proper voltage (110-220 v) for use In your 
home. 

Because the amount of Induced voltage In the secondary winding 
of a transformer depends largely on the voltage In the primary 
and the turns ratio of the primary to the secondary, let's 
think about ratios for a fev/ minutes. 
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Turns Ratio 

A ratio is a comparison of one number to another number. This 
comparison can be expressed in several ways: 

1 . i n a f rac t Ion 

2. in ratio form 

3 . in words 

If vve want to compare the number of turns in a primary wind- 
ing of 10 turns with the number of turns in a secondary with 
one turn, vje can express this as: 



2. 10:1 

3. 10 is to 1 

A 10:1 turns ratio means that for every 10 turns in the primary, 
there is one turn in the secondary. 

If we have a step-up transformer with five turns in the primary 
and ten turns in tijie secondary, this can be expressed as j-q which 
can be reduced to y or a 1:2 ratio. That means that for every 
turn in the primary, there are two turns in the secondary. 



Vol tage Rat io 





K):i 



In this transformer, we have a 
10:1 turns ratio. We have 10 v 
applied to the primary (E ) and 
10 turns (T) in the primary. 
We know, therefore, that the 
voltage induced in each coll 
of the primary is 1 v. 



The induced voltage in the secondary (E ) is equal to the 
amount of induced voltage in each turn of the primary times the 
number of turns in the secondary (N ). 
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Therefore , 

= (1 v) X (1 T) 

E = 1 V 

s 

Notice that E is 10 v and E is 1 v. This volts ratio can be 
expressed as ?0 : 1 . 

Observe that the turns ratio and volts ratio are the same. 



. i Lb -Turns P report ion 

When tv/o ratios are equal, they can be expressed in a statement 
of proportionality. This statement says that the two ratios are 
equ i val en t . 

Proportions can be expressed in these ways: 

1 . words 

2. fractions 

3. proportion statement 

1. volts ratio equals turns ratio 

2 or ^ = 15. 

E N """^ 11 



s s 



10 X 1 = 10 
10 x 1 = 10 
10 = 10 



Solving for an Unknown 

If you know three numerals of a statement of proportion, you 
can solve for the fourth by working the equation. 

For example, if you know the turns ratio is 5:1 and the applied 
voltage to the primary is 50 v, you can determine the secondary 
vo I lage. 

E N 

-=^=77^ (state the proportion) 

S h 
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50 V 5 



(substitute Known values) 



gS _ IQ ^ (cross multiply and solve) 

5 



We have determined that the secondary voltage is 10 v. 



Solve for N . 

s 



Np S 
16T 1 



20v 



N = 



You know that the volts ratio is proportional to the turns ratio; 
therefore : 



E N 

_£ = _E 

E • N 

s s 



80 V 16 
20 V ~ N 



80 N = 320 

s 

N = ^ 

s 

N = W 

s 

Perhaps you saw that there is a simple way to solve this. If 

the E is 80 V and E is 20 v, then: 
P s 



80 V 
20 V 



= a ratio of ^; 1 . 



so i _ ii 
1 N 



^ N = 16 

s 
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N = ^ T 
s 



By using proportions, you can easily solve for an unknown 
voltage or number of turns in either the primary or secondary. 



PROBLEMS 
1. 



e Ms 6T 



V g 



20V 



N = 
P 



2. 



Np isr) 

EpSOV^ 




E • = 

s 



3. 



n. 



50V 



s 

10V 



Check your answers below: 
ANSWERS: 

1 . N = 18 T 

P 

2. E = 100 V 

5 

3. 5:1 



What is the 
turns ratio? 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTtO. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I I I 

Turns and Voltage Ratios 
THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. 



Consider a perfect (100 percent efficient) transformer. 

Since the working current flows for the same interval in 

both primary and secondary, and since power is work per 

second, then P . x L = P x t. Since the t*s are equal, 
pn sec — ^ * 

we may cancel them. When this is done, we see that the 

primary power the secondary power; this 

directly follows from the law of conservation of energy. 



(equal s)" 



2. In a perfect transf onnei* , if the secondary power consumption 
is 100 watts, the primary input power must be 100 va . 

If conditions change so that the secondary power consumption rises 
to 250 watts, then the primary power input must automatically 
change to . 



(250 va) 



3. In an AC circuit employing a transformer (100 percent 
efficiency assumed), a 1,000-watt floodlight, connected 
across the secondary, lights to full brilliance. Thus, the 
power input to the primary must be va . 



(1 ,000) 
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k. In the figure shown, the transformer has a pr imary- to- secondary 
turns ratio of 20:1 (read 20 to 1). The ratio of primary 



Primary 
100 turns 



TOO volts 



Secondary 
5 turns 



voltmeter 




volts 



EMF to secondary EMF is the 
same as the turns ratio; 100 
volts in the primary induces 
5 volts in the secondary. If 
the secondary is now increased 
to 10 turns (turns ratio now 
10:1), the secondary voltage 
becomes 



(10 volts) 



In the same transformer, if we increase the secondary turns 
to 20 turns (ratio 5:1), the secondary voltage becomes 
vol ts . 



I20T 



6. In this step-down transformer, it is apparent that the 

pr imary- to-secondary voltage ratio is the same as the primary- 
to-secondary turns ratio. Thus, if the primary has 500 turns 
and the secondary 50 turns (ratio 10:1), a primary voltage of 
20 volts yields a secondary voltage of . 



(2 volts) 



7 Tp = 2700 turns T-^ = 900 turns 




22 volts 



In the transformer shown 
in this figure, the turns 
rat io, pr i ma ry- to-secondary , 
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8. Since the beconcja ry voltage of the transformer in frame 7 is 
22 volts, the primary voltage must be volts. 



9. The voltage ratio to the turns ratio relationship is best expressed 
in a simple equation thus: 

E N 
_E = _£ 

E N 
s s 

If a perfect transformer has a primary voltage of 120 volts 
and a secondary voltage of 20 volts, its turns ratio must 
be 



10. The same equation holds true for step-up transformers In which 
the secondary voltage is higher than the primary voltage. A 
transformer has a turns ratio of 1:4 (note that this Is one * 
primary to four secondary t ns) . Thus, a voltage of 25 pri- 
mary volts produces 100 secondary volts. In the same trans- 
former, 120 volts applied to the primary yields 

secondary vol ts. 



vm 



M. A certain power transformer (assume 100 percent efficiency) 

ste;;- up the voltage from 120 primary volts to 120,000 secondary 
v-vli'. The turns ratio of this transformer, primary to 
se c ' '. Jo ry , must be . 



r ■."■.oooT 
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12. A toy train transformer that yields 12 secondary volts from a 
120-volt AC source has a turns ratio of . 



TToTTy 



Calculations for Ideal Transformers 

The behavior of ideal (100 percent efficient) transformers can 
be calculated from the following set of basic equations: 

Vol tcige-turns relationohip: . E N 

E N 

s s 

Voltage-current relationship: E I 

E " I 
s p 

Current-turns relationship: N I 

-2. = _s. 

Nc I 
s P 



Conservation of energy 

relationship: P . = P or E I = E I 

pri sec — p p s s 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON I I I 

Turns and Voltage Ratios 

The total voltage induced into the secondary winding of a trans- 
former is determined mainly by the rati o of primary to secondary 
turns and the amount of voltage applied to the primary. This 
can be explained using the figure below: 




Part A of the diagram shows a transformer in which the primary 
consists of 10 turns of wire and the secondary consists of a single 
turn of wire. Notice that as the flux generated by the primary ex- 
pands and collapses, it cuts both the primary turns and the secondary 
turn. Since the I'jngth of the wire in the secondary turn is approxi- 
mately the same as the length of wire in each primary turn, the voltage 
induced into the secondary turn is the same as the CEMF induced into 
each primary turn. 

If the voltage applied to the primary winding is 10 volts, the pri- 
mary CEMF is almost 10 volts* Thus, each primary turn has an Induced 
;^EMF of approximately one-tenth of the total primary voltage, or 
1 volt. Since the same flux lines cut the secondary as cut the primary, 
each secondary turn has an induced EMF of 1 volt* The transformer in 
A of the figure abovf; has only one turn on the secondary; therefore, 
the secondary voltage is 1 volt. 

The transformer in part B of the figure also has a 10-turn primary 
but the secondary consists of two turns of wire. Since the flux 
induces 1 volt per turn, the total secondary voltage is 2 volts* 
Notice that the volts per turn ratio is the same for primary and 
secondary windings. 
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This last statement can be used to derive an important 
between the number of turns of. each winding and the vo 
the windings, as follows: The volts per turn (V/T) in 
IS obtained by dividing the voltage across the primary 
number of turns on the primary (N ). 

P E 
V/T = -E. 



relationshi p 
tages across 
the primary 
(E ) by the 

(1) 



Transposing (1) yields 



E = N X V/T 
P P 



The vol Lb per turn across the secondary are 

E 

V/T = — 
s 



(2) 



^3) 



Transposing (3) gives: 



E = N X V/T 

s s 



Where: E = total secondary voltage in volts 
N = number of secondary turns 
V/f = secondary volts per turn 

Dividing equation (2) by equation {k) gives: 



N X V/T 
2- 



E 

__ _ 

E = N X V/T 

s s 



(5) 



Since secondary ''/T equal primary V/T, they cancel leaving: 



E 

_£ 
E 

s 



N 
N 

s 



(6) 



This important equation shows that the ratio of primary to secondary 
voltage is the same as the ratio of primary to secondary turns. If 
any three of the quantities in equation (6) are known, the fourth 
quantity can be computed. 

Example \ 

A transformer has 2000 primary turns, 500 secondary turns, and a 
primary voltage of 120 volts. What is the secondary voltage? 
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Given: N = 2000 
P 

N = 500 

s 

E =120 
P 

E = ? 
s 



Solution: E N 

■ (6) 



E N 

s s 



Transposing for E^; 



EN = E N 
s p p s 

E N 

E = 

P 



Substituting the given values: 



E 



120 X 500 
2000 



E^ = 30 volts 



Example 2 



A technician has an iron core choke (coil) consisting of AOOO 
turns. If the existing choke winding is to be used as a pri- 
mary, hovy many turns must he wind for a secondary to construct 
a transformer in which the secondary voltage will be one-fifth 
the primary voltage? 

G i ven: N = ^tOOO 
P 

E = 1 

s 

N = ? 

s 



Sol ut ion : 



E N 

5 S 



Transposed: E N 



s E 
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Substituting the given values: 

1 X ^000 

N = r 

N = 800 turns 
s 

The transformers in the two example problems have fewer secondary 
turns, and as a result, have less secondary voltage than primary 
voltage (step-down transformers). 

In each case, the turns ratio (or voltage ratio) may be expressed 
numerically. The first number refers to the primary of the transformer 
and the second number to the secondary. 

(Example: k:]) 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO 
THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL YOU 
CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON IV 

Power and Current 

In this lesson, you will study and learn about the following: 

-power in transformers 
-current ratio 
-conservation of energy 
-current and power in multiple 
secondar i es 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON IV. 



Power and Current 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
fol 1 owi ng : 

STUDY BOOKLET: 

Lesson Narrative 
Programmed I nst ruction 
Exper iment 
Lesson Summary 



ENRICHMENT MATERIAL: 

NAVPERS 93i*00A-2 (Chapter 15) "Basic Electricity, Power Supply 
and Amplifiers." Fundamentals of Electronics . Bureau of 
Naval Personnel. Washington, D.C.: U.S. Government Printing 
Office, 1965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON IV 

Power and Current 

Pov/er in Transformers 

To make computations easier, we will assume that a transformer 
is a device which is 100^ efficient. If a transformer is 100^^ 
efficient, then power in the primary equals power in the second- 
ary, according to the law of conservation of energy. 

We can state this formula as: 

P = P 




P s 

Power in Primary = Power in Secondary 

Observe that we have 10 volts in 
the primary and the turns ratio 
is 1:10. Therefore, the sec- 
ondary voltage is 100 volts. 



10a 



If E is 100 V and P is 100 va, 

s . s 
v;hat IS current through the sec- 
ondary? 



p 

By transposing the power formula P = El, then I = ^ 



100 w , 
' " 100 V " ' ^• 



Observe that the power formula can be a very useful tool to 
help you solve for other quantities in either the primary or 
the secondary . 



5:1 



20v 
200w 



Find current in the primary, 



I = 
P 
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Here you know that E = 20 v, and the turns ratio Is 5:1; there-* 

fore, E = 100 V. You also know that P = P ; so, if P 
p s p s 

IS 200 w, P must be 200 w. 
P 

P = El 
200 w = (100 v) X (?) 
Therefore, current in the primary must be 2 a. 



What is I in the circuit above? 

5 



Current through the secondary can be determined by dividing 



watts by volts, so that I = 10 amps. 

s 



Current Ratio 

Notice in the transformer above that current in the primary Is 
only 2 amps, but current in the secondary is 10 amps. In this 
case, the current ratio is 2:10, better expressed as 1:5* Now 
recall that the turns ratio for this step-down transformer Is 
5:1. As voltage was stepped down, current was stepped up by 
the same proportion. 

5 : 1 turns rat io 
1 : 5 current rat io 

We can say then that the current ratio is inversely proport iona) 
to the turns ratio. 

Therefore, these ratios are true: 

E I °^ N I 
s p s p 
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By using the proportions shown above, you can solve these 
accordingly. 

1. N I ,^ I 

N I • 5 2 * s 

s p 

^' - 's. 800 V ^ 10 a. , « on ■ 
E " — TSOTV " ~' ' p - 20 a 
s p p ^ 



You Can't Get Something for Nothing * 

Another way to look at the relationship between voltage and current 
in a transformer is this: You can get out of something only what 
you put into It. 

If a transformer steps up voltage, then current decreases 
proportional ly. 

If a transformer steps down voltage, then current increases 
proport ional ly . 



If the turns ratio of a trafisformer is 10:1, what 
is the current latlo? 



Current will increase by a 1:10 ratio. 



Keeping in mind that P = P and that current increases or 
decreases inversely to'^the turns ratio, practice these 
probl ems. 
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Current in secondary, 1^ 
. number of turns in P, N 



50v 





P- 

current in primary, 1^ 
power in primary, 
power in secondary, P 



You know £ and R in the secondary, so you can find I by. 
Ohm's Law. ^ 

'=1 

10 V 



I = 5 a 

s 

To find number of turns in primary: 

if you have 50 v E and 10 v E , the step-down ratio 
is 5:1. ^ ^ 

If is 5 turns, 5 x 5 = 25 turns = 

N = 25 T 
p 

or, you could have worked it this v/ay: 
E M 



E •• N 

s s 



N 



50 V _ 
10 V " 5T " "p 



-F^ = 10 N = 50 X 5 



ION =250 
P 

N = 25 T 
P 

Np = 25 T 

To find current through the primary, you know that power in the 
primary is equal to power in the secondary. So, find the power 
In the secondary. 



6^ 
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2 

P = TR 
P = (5)^ 2 

P = 50 w (true power) 
Primary power (P^) then is 50 va. 

P = El 

We know voltage and power in the primary, so: 

P = 50 va 
P 

E = 50 V 
P 

P = 50 V X I 
P P 

I = 1 a 
P 

Current through the primary is 1 amp. 

For a short-cut method of finding current, use the inverse of the 
turns ratio. 

This is a step-down transformer 5:1. 
Therefore, current is stepped up 1:5. 

If the current in the secondary is 5 amps, current in the primary is 
1 amp. 

I p = 1 amp 



Solve these problems: 
1 . 

h 

lOOv 



Is 5a 
R 50 



I = 
P 



Is this step-down 
or up? 

E = 

s 



Turns ratio = 



t 
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2. 




Answers: 

1 . I =12.5 amps 

P 

Step-up 

E = 250 V 

s 

turns ratio = 1:2.5 

2. E,=0 

Notice the sense dots indicate points of identical polarity. 
Trace the circuit and you will discover both ends of the re- 
sistor have the same polarity at any given Instant; therefore, 
there v/ill be no difference of potential across the resistor. 
The secondaries are connected in series opposition. 



Current and Power in Multiple Secondaries 

When you have more than one secondary circuit, power in all the 

secondary circuits adds up to equal power in the primary. There 

fore, P =P,+p^+..,+P , where n means any number, 
p si s2 sn — 
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Solving for P 

^ _p 

To find power in the primary, you need to deternine the power in 
each secondary, then add them all together. 

If voltage in SJ^ is 10 v, and R_ is 5'--, then Ohm's Law shows that 
j_ i s 2 amps. Power in SJ[ can then be determined by either power 
formu 1 a . 

P = El or P = I^R 

P=10vx2a or P = ^ax5>i 

Therefore, P , = 20 w 
'si 

Using Ohm's Law, you can determine that current in S2_ is 2 a, 
and power in S2^ is AO w. 

Similarly, current in S3_ is 5 amps, and power in S3^ is 250 w* 
. The formula then: 

P , + P ^ + P . = P 
si s2 s3 p 

20 w + Z+O w + 250 w = P 

P 

P = 310 va 
P 

Solving for I 
La p 

Current in the primary cannot be determined by adding currents In 
the secondaries. Current can, however, be determined in the 
primary if you know primary power and primary voltage. 

p 

P = E I , therefore I = ^ 

, 310 va 
50 V 

I = 6.2 a 
P 
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(3)24v 




Rl 50K 



R2 40K ^1 



Current in the primary will be 50 ma. 



Solving for 1^ ^ 

There is a separate ratio of volts and current between the 
primary and each secondary. Therefore, current and voltage in 
the secondaries cannot be added to determine current or voltage 
In the primary. Each One Must Be Calculated Separately. 




I t is zero. This schematic indicates a no-load condition. 

s I 

The turns ratio between and S^ is 2:1; therefore, the cur- 
rent ratio for S2 is 1:2. If P is lOO va, and E is 100 v, 
— p ' a ' 

then current in the primary is la. By using the current 
rat io, if I is 1 a> then I ^ is 2 a. 
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2. 



3. 
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5. 




8ma 

ANSWERS: 



1 . 


1 = 
p 


18 a 


2. 


N = 
P 


2000 T 


3. 


\ = 


2.5 u 


k. 


N = 
s 


10 T 


5. 


1 = 

s 


k ma 



AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 97 
PRIOR TO TAKING THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
RESOURCES LISTED. IF YOU DO THE EXPERIMENT, TAKE THE PROGRESS CHECK, 
AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY. 



ERIC 



91 



Ten- IV 



PROGRAMMED INSTRUCTION 
LESSON IV 

Pov/er and Current 



THIS PROGRAMMED) SEQUENCE HAS NO TEST FRAMES. 



1. A perfect transformer having the characteristics shown in 

the accompanying figure Is 
1000T 4000T connected to a lOO-volt 

RlOOi^ line. The turns ratio of 

this transformer is 




2. The voltage produced across the secondary winding is^ there- 
fore, volts. 



3. Since R^ is 100 ohms, then the current indicated by the ammeter 
in the secondary circuit (according to Ohm's Law) is _________ 

amps. 



A. The power consumed in the secondary circuit, according to the 
pov/er equation P = El, must be kilowitts. 



TTTT 
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5. According to rhe law of conservation of energy, if this trans- 
former is perfect, the power fed to the primary circuit must 
be 



(1.6 kw)" 



6. The voltage across the primary winding is 100 volts. To 

produce a power input of 1.6 kw, the primary current must be 
I . = P ./F. .or amps. 



(16) — 

This illustrates the self-regulating action of a transformer 
whertin the primary current automatically adjusts itself so 
that the power input equals the power output. 

If in the figure in frame 1 were decreased to 50 ohms, then 
the secondary current would become amps. 



8. This makes the secondary power equal to kilowatts. 



TITIT 



9. The primary power (100 percent efficiency) would then have 
to become kilowatts to satisfy the law of con- 

servation of energy. 
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10. This, in turn, means that the primary current would have to 
rise to amps to produce this power input. 



1327 



11. The voltage-current relationship in a transformer is thus de- 
pendent upon conservation of energy. Since P ^. = then 

p r I 5e\. 

El = E I . Changing this to a pair of ratios, we obtain 
p p s s ^ ^ 

E 
E 

s 



I 

s 

I 

J. 



12. In summarizing, we might say that if a transformer steps up 
the voltage by a factor of x, then it steps the current down 
by a factor of x. I f i t steps the voltage down by a factor 
of z, then it steps the current by a factor of z_. 



3. The ratio E /E = N /N has been established. Also, the 
p s p s 

relation E /E =1/1 has been established. Combining 
p s s p 

these expresss i ons , we can obtain the connection between 
turns ratio and current ratio. Thus, N^/N^ = . 



TTTTT 

5 P 
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]k. Applying the relationships just established, we can find 




the secondary voltage, 
secondary current, and 
primary current in a per- 
fect transformer such as the 
one in this figure. First, 
the tM ns rat io is 600 to 



3000 or 





(1:5) 


15. 


The secondary voltage appearing across the transformer 


ter- 




minals must therefore be 




(600 volts) 


16. 


Since the ♦ res i s tance in series with the secondary wind 


' ng is 




6 kohms , the secondary current must therefore be 




(0. 1 ampere) 



17. The secondary power is found by multiplying the secondary current 
by the secondary voltage. Hence, in this example the secondary 
power is • 



(60 watts) 

18. From the law of conservation of energy, we may say that the 

primary power dissipation is • assuming 

100 percent efficiency. 



(60 v/atts) 
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19. Thus, the current flowing in the primary must be 



(0.5 amps) 

20. Using the turns-current relationship established above, we can 

check this reasoning by determining the primary current in a 

second way. Thus, N /N = I /I . Now, substituting the turns 
' • p s s p - ' 

ratio of N /N and 0.1 amps for I , we find that I again turns 
out to be P ^ ^ . P 



(0 . 5 ampTJ 



Go back to page 90 and solve practice problems prior to performing 
experiment on page 97» 
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EXPERIMENT 
Transformer 

Draw ^9 Neat Board from resource center. Insure that the Neat Board 
has a power cord. 

Neat Board -9 is a ^top-down transformer te^t board with resistive 
loads connected through switches to several secondaries. 

The turns ratio of primary to secondary is not given; hov/ever, with 
either E /E^ or I /I , turns ratio can be determined. Bear in 
mind tha? t^e ter^is t /E and I /I pertain to primary/secondary 
voltage and pr imary/sicondary cBrrlnt. The symbols will be used 
frequently. One point to remember, this Neat Board contains dangerous 
voltages; use caution when handling test probes. Insure aFl sv/i tches 
are in the off position. Connect power cord to the Neat Board in re- 
ceptable provided, and plug cord into wall outlet. 

Step 1. 

Set Simpson 260 Range Switch to the 250-volt range and 
Function Switch to the AC position; connect test leads to 
"common and +" jacks. 

Step 2. 

Touching only the insulated handles of the probes, insert the 
tips into TP 901 and TP 910. Watching the meter scale of the 
Simpson 260, turn Si (located just left of the "power on" 
indicator lamp, on the Neat Board) to the "on" position. 

(1) Record voltage reading from TP 901 to TP 910: . 

This is the primary or line voltage. (2) Record the primary 
current measured by neter Ml: . 

Step 3. 

With the meter still connected to TP 901 and TP 910, watch 
the meter closely while you turn S2 to the "on" position. 
S3 and S5 should be open and $^4 should be in the TP 905 
pos.ition. Place R2 in the full C.W. position. (3) Record 
the current flow from M2: 



Step k. 

Remove your meter test leads from TP 901 and TP 910 and place 
them in TP 902 and TP 903- Open S2 and carefully turn the 
meter Range Switch to the 10-volt position. Close S2. (k) 
The meter indicates volts. 
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Step 5. 

The load In this circuit Is rated at 25 watts; (5) What Is the 

actual power being dissipated by the load? watts. 

(6) What formula did you use to determine the power dissipated? 
______________ Open S2 and remove test leads. 

Step 6. 

Turn meter Range Switch to the 250-volt position, plug test leads 
Into TP 904 and TP 905, and turn the Range Switch to the 
50-volt scale. Turn Sk to TP 905 position. (7) With 
S3 and S5 open, record voltage reading from TP 904 to TP 

905: . (8) Record the current reading Indicated on 

M3 of the Neat Board: . 



Step 7. 

Notice that under open circuit conditions, E (TP 904 to 
TP 905) Is 35.0 volts and I Is 0 amps. (9)^Now turn S3 
"on" and record E and I at Indicated by your meters. 

E = 1. 1^ i . (10) Secondary 

voltage by 1 volt. Primary current 

Increased/decreased 
Increased by 0.1 amps. Place r4 In full C.W. position. 

■"' 

Step 8. 

Take the test lead from TP SOk and move It to TP 906. (11) 

Record voltage between TP 905 and TP 906: . (12) 

Record I as Indicated by M3: . Notice current and 

voltage ^ave not changed, thus Indicating a center-tapped 
secondary. You will see that a 0.5 amp Increase In I results 
with a 0.1 amp Increase In I . This same condition existed 
across TP 904 and TP 905. ^ 

Step 9> 

With S4 still In the TP 905 position, open S3, turn the Range 
Switch on the multimeter to the 250-volt position, and move 
the test lead from TP 905 to TP 904. This places, the meter 
across the complete center-tapped secondary (13) E Is 
volts under open circuit conditions. ^ 

Step 10. 

Close S3. I = amps 

= volts 
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amps 
volts 



Step 12. 

Turn S^ to TP 906. 



Step 13. 

Open 2i>. 



E = 

s 

I = 
s 

E = 
P 

I = 
P 



E = 
P 

I = 
P 

E = 
s 

's = 



vol ts 
amps 
volts 
amps 



volts 
amps 
volts 
amps 



Step 1^. 



Note the relationship between E /E and I /I • Open S3i 
close S5> and record the foil ow?ng^ read In^s:^ 



E = 

s 

I = 
s 



volts 
amps 
volts 
amps 



\ Step 15. 



Again note the distinct relationship between Ep/Eg and 'p/'g 

In this particular circuit. Open S5 and S3) close S2. Connect 
multimeter from TP 9OI to TP 910. With S^» In the TP 906 
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position, close both S5 and S3 and record primary current through 
Ml and secondary current through M2 and M3. 



Ml 
M2 
M3 
E 

P 

Step 16. 



Open S3. Ml 

M2 

M3 

E 

p 

Step 17. 

Note that the M2 reading increased as the Ml reading decreased. 

Open S5. Ml 

M2 

M3 

E 

p 

M2 current again showed a Increase as did E^, while I showed 
a strong . 

You can see from this experiment that as voltage Is stepped down, current 

Is stepped (1) , as secondary current Is Increased (more loads 

added In parallel), primary current will (2) . 

But as secondary current Increases, both primary and secondary voltage 
will show some decrease. Why do you think this happens? 



Answers: (All measured values are approximations and are given to 

provide guidelines to determine accuracy of your answers.) 

Step 2. 1 15 V AC 

Step 3. 0.7 a 

Step k. 7.2 V 

Step 5. 5w; P « El 

Step 6. 35 v; 0 

Step 7. Vk v; 0.6 a; decreased 

Step 8. 35 v; 0.6 a 

Step 9. 70 V 

Step 10. 0.6 a; 68 V ' 

Step 11. 1.2a; 66 v 

Step 12. 60 v; 2.2 a; 115 v; 1.25 a 

Step 13. 120 v; 0.7 a; 65 v; 1.2 a 

Step ]k. 120 v; 0.7 a; 65 v; 1.2 a 
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Step 15. 1.35 a; 0.65 a; 2.1 a; 112 v 
Step 16. 0.7 a; 0.7 a; 1.2 a; 118 v 
Step 17. Minute: 0.725 a; 0; 122 v; decrease 
(1) up; (2) increases 



Summary. As secondary current flow increases, the magnetic 
field around the secondary increases, cancelling 
part of the magnetic line of flux caused by primary 
current. This reduces the EMF induced in the secondary. 
The primary voltage is decreased due to the increased 
voltage drop across the internal! resistance. 

When you are satisfied with your readings, secure your equipment and 
return to the resource center. 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT, STUDY ANY METHOL 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON IV 

Power and Current 

According to the law of conservation of energy, for an Ideal or 
100% efficient transformer, the power In the primary circuit equals 
that In the secondary circuit. Thus: 

P = P 
P s 

Using P » El , and EN 

E N 

s s 

you can write other forms of the law. (Try to form them.) 
For example: 

/N . 

El « E I ; But E = E 
s s p p' p s (N^) 

Therefore: 

Cancelling E^, and rearranging, we see: 

I N 

I N 
P s 

Note that while the ratio voltages are directly proportional to 
the turns ratio, the current ratio Is Inversely proportional. 

If you feel you have mastered these concepts, try the problems at 
the end of the narrative. 



AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 97 
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE LESSON 
NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU DO THE 
EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON V 



Transformer Efficiency 



In this lesson you will study and learn about the following: 



-transformer efficiency 

2 

-copper loss or I R loss 
-eddy current loss 
-hysteresis loss 
-transformer ratings 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 

LESSON V 
Transformer Efficiency 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
f o 1 1 ow I ng : 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL; 

NAVPERS 93^00A-2 (Chapter 15). "Basic Electricity, Power Supply 
and Amplifiers." Fundamentals of Electronics . Bureau of 
Naval Personnel. Washington, D.C.: U.S. Government Printing 
Office, 1965. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON V 

Transformer Efficiency 

Transformer Efficiency^ 

As we have learned about transformers, we have considered that 
they were 100% efficient. Therefore, if the power to the pri- 
mary was 100 then the load connected to the secondary was 
assumed to dissipate 100 watts. This is an idealized situation 
and does not take into account losses that occur in transformers. 



Losses 

We will discuss three major l<inds of transformer losses which 
are: 

2 

1 * copper or I R loss 

2. eddy current loss 

3. hysteresis loss 



Copper Loss or I R Loss 

2 

Copper loss or I R loss occurs as a result of the small amount 
of resistance present In any coil or wire. This resistance 
causes a loss of power in the form of heat. If current 
increases, then the power dissipation by this resistance 
increases, and power is wasted. 

To minimize copper loss, windings are made of low 
resistance copper. Another factor which helps minimize 
copper loss is the selection of the proper size of wire 
for the windings; for example, transformer windings which 
carry high current require wire with a larger cross-sectional 
area than transformers carrying lesser amounts of current. 



Eddy Current Loss 

Recall that an iron-core transformer has a core which is con 
structed of a ferromagnetic material. As the magentic field 
around the coil changes, some of the flux lines cut the core 
and induce voltages in the core. When you have a conducting 
material, such as the core, then a small amount of random 
current flows within the core. This causes a power loss 
wi thi n the core which is cal led eddy current loss and is 
lost as heat. 
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To minimize eddy current loss, transformer cores are made of 
laminated slices insulated from each other with varnish* 
This procedure provides greater opposition to current flow 
in the core, thereby reducing eddy currents. 



Hysteresis Loss 

When a magnetic field is passed through a core, the core 
material becomes magnetized. To become magnetized, the 
domains or magnetic units within the core must align them- 
selves with the external field. If the direction of the 
field is reversed, the domains must turn so that their poles 
are aligned with the new direction of the external field. 
This process takes energy. 

Power transformers normally operate from either 60-cycle-per- 
second or '♦00-cycl e-per-second alternating current. Each 
tiny domain must realign itself twice each cycle or a total 
of 120 times a second vvhen SO-cycle alternating current is 
used. The energy used to turn each domain is dissipated as 
heat within the iron core. This loss is called hysteresis 
loss , and can be thought of as resulting from a kind of 
f r ict ion. 

When you increase the frequency of the applied voltage, 
greater motion of the magnetic elements of the core material 
are caused and thus a greater loss through heat dissipation. 

Hysteresis can be minimized by proper core selection. Gener- 
ally air-core transformers are used for frequencies above audio 
range 20KH - because, with an air core, hysteresis loss is 
kept to a minimum. You can assume, then, that iron cores are 
generally used with frequencies in the audio range. 



Transformer Ratings 

Most transformers have ratings on the nameplates according to 
their capabilities for handling: 

1. voitage 

2. current 

3. power 



Voltage Handling Capacity 

The voltage rating depends on the construction of the primary 
and secondary windings. The type and thickness of the insula*- 
tion between the windings determines how much voltage the wind- ' 
ings can stand before the insulation breaks down and wires short. 
The thicker (and better) the insulation, the more voltage the 
transformer can handle* 
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Frequency 

A frequency higher than the rated value can be applied to a trans- 
former without serious damage. For example, a ^00-cycle voltage 
can be applied to a 60-cycle transformer. Transformer efficiency 
will be seriously reduced, but no damage Is likely to occur. However, 
if you apply a 60-cycle source to a transformer rated at ^00 cyp1eSk» 
you may have circuit trouble. Let's see why! 

When you increase frequency, increases and current decreases; 
therefore, a higher frequency source results In less current and 
a small reduction In power but no damage to the transformer* 

Now, if you decrease frequency to 60 cycles for a ^00-cycle trans- 
former, then decreases and current increases. If current ex- 
ceeds the current handling capacity of the transformer, significant 
damage results. 



Current-Handling Capacity 

The current-handling capacity Is determined largely by the 
diameter of the wire used for the windings. If current In 
the windings is excessive, there Is too much power dissipated 
in heat and the insulation on the wires is damaged. If excessive 
current Is permitted to flow for too long a time, the transformer 
will be permanently damaged. 



Power-Handling Capacity 

The amount of power a transformer can handle depends on Its 
ability to dissipate heat. Many transformers have louvres In the 
case which direct cool air to flow across the windings. Large 
transformers often use an oil-cool Ing technique to prevent excessive 
heat bu i Id up. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED, IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON • IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY* 
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PROGRAMMED INSTRUCTION 
LESSON V 

Transformer Efficiency 
THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMK. 



This lesson deals with transformer efficiency. For ease of computa- 
tion, we have considered transformers to be 100 percent efficient. 
In many cases, efficiency is close enough to 100 percent to make no 
difference. There are, however, some cases where power losses are 
large enough that they :nust be considered. In this lesson you will 
learn what type of losses occur in transformers and how their effects 
are kept at a minimum. 

1. Recall that even good conductors, such as the copper wire used 
in transformer windings, have some resistance. As current passes 
through this resistance, some power is lost in the form of heat. 

As secondary and primary currents increase, total power losses 

i ncrease/decrease 



( increaseT 



2. Losses due to winding resistance are called copper or I R losses . 
Copper losses are minimized by using the proper diameter wire 
for the current the winding is expected to carry. 

Power losses are reduced by using ] diameter 

wlre^ large/small 



(large) 



3. In a 10:1 step-down transformer the secondary has a 

diameter wire than the primary. 

(larger/smal ler) 



(larger) 
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k. Copper losses result In slightly less power being dissipated 

by the secondary loads than is supplied to the primary (I * E ). 
To compute I R losses, determine how much power Is being Tost Tn 
each primary and secondary winding (not the loads), then add them 
together. For example: 



primary winding has 
5i2 resistance 




Ep lOOv 
Ip 2a 



"Si 3a 



winding 2n 



$2 winding 1.5n 



2 2 

primary copper loss = I R (2) 



S| copper loss 



(3) 



5 - ^ 
2 = 9 



5 = 20 w 
2 = 18 w 



$2 copper loss = (6)^ * 1.5 - (36)(1.5)=5^ W 

total copper loss 92 w 

The total available power in the primary is 200 volt-amps. If 
92 watts are lost as copper losses, there are 108 watts to be 
dissipated by the loads as useful work. 

In the example below how much power is actually dissipated by 
the loads? 



primary winding has 
3.3^ resistance 



Ep 220V 
5a 



1 

a 



Is. 2a 



S. Winding Za 



» Is, 30 



$2 winding In 



(305.57 watts) 

NOTE: This is an exaggerated example used only for explanation. 
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5. Another type of transformer loss occurs In the core material 
ana Is due to tiny currents known as eddy currents ^ When a 
changing magnetic field passes through the core material t a 
voltage is induced In the conducting core material which re- 
sults in a small current In the core* These currents cause 
the transformer to heat upi with a resultant loss of power* 

What effect would an Increase in the frequency of primary 
voltage have on losses due to eddy currents? 

a. Increase 

b. decrease 

c. no eifect 



(a) increase 



6. Since air is an Insulating material, would an air-core transformer 
be likely to have significant eddy current losses? 

a. yes 

b, no 



(b) no 
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7* The effect of eddy currents can be reduced by laminating the 
core, A laminated core Is made up of many thin steel slices 
Insulated from each other with a type of varnish. This in- 
creases the resistance of the core, thereby reducing both the 
eddy currents and the losses they cause. 



PRIMARY 
COIL 




LAMINATED IRON CORE TRANSFORMER 



Lamination of the core material serves to 
transformer efficiency. 



( IncreaseJ 



8. Another power loss which occurs In the core is l<nown as hysteresis . 
Hysteresis is a characteristic of Iron or any ferromagnetic 
material and results from the continuous realignment of the 
magnetic field In the core as the primary field expands and 
collapses through it. In oversimplified terms, hysteresis re- 
sults from a kind of atomic friction caused by reversing the 
magnetic polarity of the core. 

Would hysteresis losses Increase or decrease with an increase 
In frequency? 

f 



(IncreaseT 
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9. Are hysteresis losses a significant factor to consider with 
air-core transformers? 

a. yes 

b, no 

c. core material Irrelevant 



(b) no 



10. Hysteresis Is an Inherent characteristic of all ferromagnetic 
materials. There Is not much that can be done to eliminate 
the effects of hysteresis, but they can be reduced by careful 
choice of core materials. Soft Iron, powdered Iron, and 
silicon steel all have low hysteresis losses. 

Two types of core losses are and 



(hysteresis; eddy current) 



. Match each term to Its appropriate description. 

a 



1. I^R 



2. eddy current 

3. hysteresis 



core loss resulting from friction 
of particles 

b. loss resulting from flux lines 
cutting the core 

c. loss resulting from flux lines 
not cutting turns of coll 

d. loss resulting from resistance 
of coll 



(1. d; 2. b; 3. a) 
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12. Transformers are not 100 percent efficient. Because of the losses 
involved (copper loss and core losses) In transferring entirgy 
from the primary to the secondary, the power In the secondary 
circuit does not quite equal the power In the primary circuit. 

To determine the percentage of efficiency of a transformer, we 
divide the output by the Input power. 

Percentage of efficiency = °"^P^^ x 100 

A transformer with 220 va In Its primary circuit and only 200 w 
In Its secondary circuit has a loss of 20 w. What Is the trans- 
former's percentage of efficiency 



(90.9%) 



13. A transformer has a 60 va primary and a 55 w secondary. What 
is the percentage of efficiency of this transformer? 



(91.66%) 



\k. Iron-core transformers are used mainly in the audio frequencies 
(up to 20 KHz) and are classed as audio-frequency transformers. 

Audio-frequency transformers have Iron cores to: 

a. Increase ruggedness. 

b. Increase flux leakage. 

c. Increase transformer efficiency. 



(c) Increase transformer efficiency 
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15. Transformers used with high frequencies (above 20 KHz) usually 
have an air core because hysteresis and eddy current losses In 
an Iron-core transformer are too great for use at high frequencies, 

The small Iron-core transformer used In your power supply Is: 

a. a high-frequency transformer. 

b. an audio-frequency transformer. 



(b) an audio-frequency transformer" 



16. Match the correct core type to frequency ranges. 
1. f below audio range 

2. f above audio range a. air core 

3. f above 20 KHz b. iron core 

f below 20 KHz 



(Kb; 2. a; 3>a; ^. b) 



17* When a transformer is to be utilized in a circuity It Is necessary 
to know more than just the turns ratio. The power-handling 
capability and maximum voltage and current that each winding 
can safely handle must also be considered. 



Three factors to be considered are: 



a. 

b. 
c. 



(a. power handling capability; b. maximum voltage; c. maximum 
current) (In any order) 
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18. The type and thickness of the insulation between windings 
determine the maximum voltage that can be safely applied to 
the windings. The thicker or more efficient the insulation, 
the higher the voltages that can be safely applied to the 
transformer. 

if a transformer is used at a voltage higher than it is 
rated for: 

a. there would be short circuits between the windings. 

b. nothing would happen. 



(a) there would be short circuits between the windings 



19. The current handling capability is determined by the diameter 
of the wire used for the windings. If the wire is not of suf- 
ficient diameter there may be excessive heat, possibly re- 
sulting in extensive damac;e. 

The greater the diameter the the resistance, 

h igher/lower 

and the the power waste will be, 

greater/smal ler 



(lower - smalle r ) 

20. The power handling capability of a transformer is dependent 
upon its ability to dissipate heat. There are several methods 
to increase heat-dissipation capability. Immersion in oil, 
increasing surface area, and forced cooling systems are some of 
the ways to increase heat dissipation. 

What are two ways to increase heat dissipation? 
and . 



(increase surface area; forced cooling systems; oTT immersion) 
(any two) 
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21, Complete the following statements about transformers by matching 
the phrases • 



K voltage handling capability 
primarily depends on • • • 

2. current handling capability 
primarily depends on • • • 

3* power handling capability 
primarily depends on • • • 



a. cross-sectional 
area of wi re 

b. cool Ing ab 1 1 i ty 

c. type and thickness 
of insulation 



(1 > c; 2> a; 3> bT 



22. Transformers are designed to operate within only a limited range 
of frequencies. If the recommended operating frequency Is Ignored 
the result will be either a greatly reduced efficiency or a damaged 
transformer • 



If a frequency below the recommended value were applied to the 
primary winding, for that winding would be than 



desi red. 



greater/less 



(less) 



23. At the lower frequency, X, of the primary coil will be less than 

the desired value. This will result In an abnormally 

large/smal 1 

primary current which in turn will cause overheating and possible 
damage. 



(large) 



2^^. If, on the other hand, a transformer should be operated at a 

frequency higher than that for which It was designed, the result 



would be a/an 



In X^, causing a/an 



I ncrease/decrease ^ I ncrease/decrease 

in primary current. This would result In decreased efficiency. 



(increase - decrease) 
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25. Match. 



1. 



higher than specified 
frequency . 

lower than specified 
frequency . 



a . damage 



2. 



b. poor efficiency 



(1. b; 2. ai 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER 
RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE 
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMM/^RY 
LESSON V 

Transformer Efficiency 

Practical transformers, although highly efficient, are not perfect 
devices. Small power transformer.^ used In electronics equipment 
range from 80 to 90 percent efficient, while large commercial power- 
line transformers may have efficiencies exceeding 98 percent. 

Transformer losses are confined mainly to the windings and core, 
and are the result of an undesi rable convers Ion of electrical energy 
into heat energy* Three major types of losses occur. 

Copper Loss 

Whenever a current Is passed through a conductor, power Is 
dissipated by the conductor in the form of heat. This power 
loss Is due to the resistance of the conductor. We have seen 
that the amount of power dissipated by the conductor Is directly 
proportional to the resistance of the wire and to the square of 
the current through It. The greater the value of either resis- 
tance or current, the greater Is the power dlsslpated4 

The primary and secondary of a transformer are made of low 
resistance copper wire. The resistance of a given winding 
Is a function of the diameter of the wire and Its length. 
Power transformer windings have resistances ranging from less 
than 1 ohm to several hundred ohms2 The power dissipated by 
winding resistance Is called an ( I R) loss , or copper loss . 

Copper loss is reduced by using the lowest resistance wire 
practicable* 



Eddy Current Loss 

The core of a transformer is constructed of a ferromagnetic 
material. This material may not be a good conductor, but It 
does have the ability to conduct current. 

Whenever the primary of an Iron-core transformer Is energized 
by an alternating current source, a fluctuating magnetic field 
is produced which cuts the conducting core material and induces 
a voltage Into It. The induced voltage causes random currents to 
flow through the core which dissipates power In the form of heat« 
These undesirable currents are called eddy currents * 
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We have seen that to minimize the loss resulting from eddy 
currents transformer cores are laminated. The laminations 
are made of thin strips of metal » which are pressed together 
to form the core. Each lamination is coated with varnish or 
some other Insulating material. Since the thlni Insulated 
laminations do not provide an easy path for current, eddy 
current loss Is greatly reduced. 

Hysteresis Loss 

When a magnetic field Is passed through a core, the core 
material becomes magnetized. To become magnet I zed , the 
domains or magnetic units within the cor^ must align them- 
selves with the external field. If the direction of the field 
Is reversed, the domains must turn so that their poles are 
aligned with the new direction of the external field. This 
process takes energy. 

Power transformers normally operate from either 60-cycle-per- 
second or ^00-cycle-per-second alternating current. Each 
tiny domain must realign Itself twice each cycle or a 
total of 120 times a second when 60-cycle alternating current 
Is used. The energy used to turn each domain Is dissipated 
as heat within the Iron core. This loss Is called hysteres Is 
loss , and can be thought of as resulting from a kind of fric- 
tion. Hysteresis loss can be held to a small value by proper 
choice of core materials* 



Transformer Efficiency 

To compute the efficiency of a transformer, the input and out- 
put powers must be known. The input power is equal to the 
product of primary voltage and primary current. The output 
power Is equal to the product of secondary voltage and second- 
* ary current. The difference between the Input power and the 
output power represents the power consumed by the various 
transformer losses. The efficiency of a transformer is a 
measure of how well It works* A transformer with high efficiency 
has low losses. 



Transformer Ratings 

When a transformer is used In a circuit, more than the 
simple turns ratio Is considered by the designer. The power- 
handling capacity of the primary and secondary windings must 
also be considered. The maximum voltage that can be applied 
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to any winding Is controlled by the type and thickness of 
the Insulation. The better (and thicker) the Insulation 
between the windings » the higher the maximum voltage 
that can be applied to the windings. The current handling 
capacity of the transformer windings Is controlled by the 
diameter of the wire used for the windings. If the current is 
excessive In the transformer winding, there is a higher than 
expected value of power dissipated from the winding In the 
form of heat. The heat generated inside the transformer may 
be sufficient to melt the insulation around the wires. If 
excessive current Is permitted to continue, the transformer 
may be permanently damaged. 

The power-handl ing capacity of a transformer is dependent 
upon its ability to dissipate heat. If the heat dissipation 
can safely be increased, the power-handling capacity of the 
transformer can be increased. This is sometimes accomplished 
by Immersing the transformer in oil or by the use of cooling 
fins. The power handling capacity of a transformer Is measured 
in either volt-amperes or watts. 

Transformers are designed to operate within a specified range 
of frequencies, and should never be used in circuits which are 
outside the design range. If they are used outside of specifi- 
cations, efficiency will be poor and, in extreme cases, the 
transformer m.'^y be damaged. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO 
TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVE(^VIEW 
LESSON VI 

Semiconductor Rectifiers 

In this lesson, you will study and learn about the following: 

-the rectifier 
•semiconductor 

•the function of a rectifier 
•how the rectifier works 
-waveforms 

•seeing rectification with an 
osci 1 loscope 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LtSSON VI 

Semiconductor Rectifiers 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the 
fol lowing: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Experimen* 
Lesson Summary 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON VI 

Semiconductor Rectifiers 

The primary winding of your power supply transformer has a 
voltage rating of 117v. The secondary coll sends out approxi- 
mately 2ky. Therefore, the first operation that takes p.lace 
In your power supply Is stepping down the voltage. After cur- 
rent leaves the secondary of the transformer, It goes through 
a smill component sometimes called a semiconductor rectifier . 
The rectifier In your power supply looks like a very small re- 
sistor with only one color band. 



Semiconductor 

You know that a conductor is a material which allows current to 
pass through It easily. Conversely, a non-conductor does not easily 
let current pass through It. A semiconductor, then, is a material 
which lets current pass through, not as easily as a conductor, 
but more easily than a nonconductor. 



Function of a Rectifier 

A rectifier is a device that changes AC to some type of pul- 
sating DC. From this we can assume that after current passes 
through the semiconductor rectifier in your power supply. It 
Is no longer AC, but has been changed to pulsating DC. Let^s 
see how this happens. 



How the Rectifier Works 

First we will see what the symbol is for a rectifier. It looks 
like this: 

K3 

The rectifier Is constructed so that It has 1 1 ttle resistance 
to J[ flowing In this direction. 

W T 



Current can easily flow In this direction as shown by the arrow. 
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However, a rectifier is constructed so that it has very great 
resistance to current flow from the other direction. 



14 



+ 



.OUTPUT 
.VOLTAGf 



.Current cannot readily flow 

in this di recti on. 

Now if we apply AC to this clr-' 
cuit, current will attempt to 
flow as indicated by the drrow» 
from negative to positive, during 
this first half cycle. However, 
The rectifier wiM not let current 
pass through it in this direction. 
. No current can flow, and there Is 
no voltage drop across the re- 
sistor. 



_ — > 



OUTPUT 
VOLTAGE 



On the next half cycle, polarity 
reverses and current flows through 
the rectifier In the other direction. 
The rectifier now lets current 
flow and one-half of the waveform 
passes through 1 ike 
this. Notice, we have — 
eliminated the positive 
al ternat ion. 



+ 



Half-Wave Rectification 

On the next half cycle, current again attempts to flow in 
the other direction. Again, no current passes through the 

rectifier. This makes our waveform look like r r- 

this with a pause line where the positive alternation \~/ 
is chopped off. 
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This wave is the equivalent of one cycle of 
pulsating DC. Although this accurately shows one cycle, 
the output of a half-wave rectifier Is frequently 
Illustrated as ^^^^ ^^"s^ ^'^'S^ 

because it is easier to visualize when a number of cycles are 
shown. This or \^^^ \^^^ Is a wave form for 

half-wave rectification such as occurs In your power supply. 



AT THIS POINT, YOU MAY DO THE EXPERIMENT WHICH STARTS ON PAGE 135 
PRIOR TO TAKING THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU DO THE EXPERIMENT, TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU MAY TAKE THE 
MODULE TEST. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON VI 

Semiconductor Rectifiers 



THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES. 



As you^ve been told, the purpose of a power supply Is to provide 
one or more DC voltages from an AC source. The transformer and 
the voltage-dropping resistors take care of providing the various 
values of voltages desired; the device which changes AC to DC is 
called a rect t f ler . There are several types of rectifiers avail- 
able; the one used In your power supply Is known as a semiconductor 
rectifier . In this lesson, only the actual circuit function Is 
covered; the solid-state physics needed to understand operation 
will be covered as needed In your A School. 



1. After current leaves the secondary of the , It 

goes through a small component, the rectifier, which looks 
like a small resistor with one colored band. 

Locate the rectifier In your power supply. 



(transformer) 



2. A rectif-ier is a device that changes AC to what Is known as 
pulsating DC . Graphs of an AC Input and a pulsating DC are 
shown: 




From the Illustration, you can see that while current leaving 
the rectifier still varies somewhat In magnitude. It Is now 
going In direction. 



(one) 
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3. From the i 1 lust rat ion> you can see that the bottom of each 
sine wave has been chopped off; the reason Is that the special 
atomic structure of the materials used In the rectifier permit 
current to pass through It In only one direction. 

Which of these sine waves Indicates that current has passed through 
a rectifier? 



AAA 




^. A semiconductor rectifier: 



a. rectifies DC to AC. 

b. rectifies AC to pulsating DC. 

c. pulsates AC. 



(b) rectifies AC toj?u1sating DC 



er|c 



5. The schematic symbol for a rectifier looks like this 




Electron current flow Is against the arrow making the heavy 
line negative and the arrow positive. Using arrows, Indicate 
direction of current In each secondary circuit In this 
schematic. 




r 
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6t A rectifier Is constructed so that It has very little resistance 
to current flow In one direction but a very large resistance 
to any current flow In the opposite direction. 

In which circuit would the meter Indicate the largest value? (The 
polarity of the voltage supplied by the ohmmeter Is opposite to 
the and - signs on the meter connectors because of the way the 
Internal battery is connected,) 




(b) 

NOTE: When reading across the rectifier in the high resistance 
direction, the meter should indicate an infinite value. 
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BEST COPY AVAILABLE 

7. On your power supply, disconnect the end of the rectifier closest 
to the transformer. Then using the multimeter, determine which 
way current will flow through It. 

Using an arrow. Indicate direction of electron current through 
the rectifier. 

— ^) 1 ) — 



— J > 



8. Which polarities will permit current flow? 



1 . 



2. — + 

— czzzn> 



3. 



Hi 
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9. Draw an arrow to show the direction current will flow through 
the rectifier. 



\4 



TURN TO THE NEXT PAGE AND PERFORM THE EXPERIMENT. 
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EXPERIMENT 
Diode 

Draw an ''O'^ scope from the resources center. Using the oscillo- 
scope In conjunction with a Simpson 260 and your power supply, you 
will perform a simple experiment with diodes to see how they operate. 
Plug In the oscilloscope and turn it on for warm up. 

Step 1. 

With the power supply disconnected, remove one end of the 
diode from terminal T8. With the test leads connected to 
the ''common and *f'' terminals of the Simpson 260, set the 
range switch to the R x 10,000 position. Place test leads 
across the diode, (Red lead T7> Black lead to disconnected 
end of diode.) Do you get a resistance reading? How many 
ohms ? Reverse the meter test leads across 

the diode. How about a reading now? This Indicates that 
current will flow through a diode in only one direction. 

Step 2. 



Recall the schematic symbol for a diode. 




Current will flow from* to , hence a 

diode Is said to offer maximum opposition to current In a 
reverse direction or from to . 



(2) - to ^ 
to - 



Step 3* 

Disconnect the multimeter and reconnect the diode to 
terminal T8. 

Step 

With the oscilloscope set up as you learned in Module Nine, 
connect the black lead of the scope to T8 and the blue lead 
to Tl. Plug In the power supply. Make certain the switch 
Is closed and the lamp glows. 
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Step 5. 



Adjust the SWEEP VERNIER control of the scope to show one 
steady cycle of a sine wave. If the signal starts to 
jump or drift, readjust this control. 

Step 6. 

Vary the SYNC/PHASE control so that the signal begins about 
half-way between positive and negative peaks. Readjust the 
SWEEP VERNIER control, if necessary. 

Step 7. 

Use the V CAL to bring the signal amplitude just within the 
vertical limits of the graph. 

Step 8. 

Draw the signal you see on your oscilloscope. This is the 
output of the transformer secondary* 



Now let^s check on the rectification at the diode. 
Step 9. 

Unplug the power supply and move the blue lead of the scope 
from Tl to T7. Plug In the power supply. Adjust the 
SYNC/PHASE control If the waveform Is not stable. 

Step 10. 

Draw the signal now showing on the scope* 



The waveform should look about like this: 
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You should see a sine "ave with one alternation clipped off by the 
action of the rectifier. 

The output of the rectifier is pulsating DC, and must be smoothed to 
a (nearly) pure DC. This smoothing process is accomplished by other 
circuit configurations not covered in this module. These circuits 
will be covered in a later module. 

When you have completed your experiment, properly secure your 
equipment and turn it into the resource center. 



YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE 
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER 
ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE 
READY TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE 
MODULE TEST. 
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SUMMARY 
LESSON VI 

Semiconductor Rectifiers 

A rectifier Is a component that allows current to pass in one 
direction only. There are man-made materials called sol Idstate 
crystals which have this property. The symbol for a rectifier is: 

W 

Electron current will only flow against the Indicated arrow. If 
a rectifier circuit Is supplied by the output of a transformer, 
the graph of current against time Is as shown: 




This circuit is called a half-wave rectifier. It converts AC Into 
pulsating DC. 



AT THIS POINT, YOU MAY DO THE EXPERIMENT WHICH STARTS ON PAGE 135 
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE 
LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU 
DO Ti{E EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE 
QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY 
TO TAKE THE MODULE TEST. SEE YOUR LEARNING SUPERVISOR. 



IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE 
MODULE TEST. 
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